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7KHUPRG\QDPLFPRGHODQGSURFHVVOD\RXWV
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LLDEVRUSWLRQUHJHQHUDWLRQJDVZDVK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DPPRQLDUHPRYDO
7KHUHVXOWVIRUWKHFDUERQFDSWXUHSODQWDUHREWDLQHGZLWKWKHVLPXODWLRQVRIWZDUH$VSHQ3OXVLPSOHPHQWHGZLWK
WKH ([WHQGHG 81,48$& WKHUPRG\QDPLF PRGHO 7KHVH VLPXODWLRQV GR QRW FRQVLGHU WKH ODVW VHFWLRQ FDOOHG LY
DPPRQLDUHPRYDOZKLFKLWLVVXSSRVHGWRUHGXFHDWWUDFHWKH1+HPSOR\LQJDQDFLGZDWHUZDVK7KHUHVXOWVRIWKH
LQWHJUDWLRQRI WKHFDSWXUHSODQWZLWK WKHUHIHUHQFH(%7)FDVHDUHVLPXODWHGZLWKDVLPSOLILHGPRGHORI WKHVWHDP
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3.1. Validation of the better calibrated Extended UNIQUAC thermodynamic model 
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LVFDOLEUDWHGZLWKPRUHH[SHULPHQWDOGDWDDQGLWLVH[WHQGHGWRKLJKHUWHPSHUDWXUHUDQJHSDVVLQJIURP&WR&
ZLWKUHVSHFWWRSUHYLRXVZRUNV7KHYDOLGDWLRQRIWKHLPSOHPHQWHGWKHUPRG\QDPLFPRGHOIRUWKHV\VWHP&21+±
+2LQWKHUHJLRQRILQWHUHVWDJDLQVWWKHH[SHULPHQWDOGDWDDYDLODEOHLQRSHQOLWHUDWXUHLVFRQGXFWHGKHUH-XVWDOLPLWHG
QXPEHURIUHVXOWVIURPDYDOLGDWLRQDUHYLVXDOL]HGLQ)LJVKRZLQJDYHU\JRRGDJUHHPHQWEHWZHHQFRPSXWHGDQG
PHDVXUHGYDOXHVZKLFKLVWUXHIRUWKHRWKHUFDVHVQRWLOOXVWUDWHG


)LJ&RPSDULVRQRIWKHUHVXOWVIRUWKHFDOFXODWLRQYLDWKH([WHQGHG81,48$&WKHUPRG\QDPLFPRGHOLQGLFDWHGE\([84RIWKHSDUWLDOSUHVVXUH
RI&2DQG1+RQWKHOHIWDW.LQ&21++2PL[WXUHPRODORI1+RQWKHULJKWDW.LQ&21++2PL[WXUHPRODORI
1+H[SHULPHQWDOGDWDE\.XU]HWDO>@
3.2. Power Block 
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GHVXSHUKHDWHGZLWKSDUWRIWKHOLTXLGZDWHUH[LWLQJWKHUHERLOHULWVHOI7KHH[WUDFWHGPDVVIORZUDWHLVGHILQHGE\WKH
HQHUJ\EDODQFHRYHUWKHUHERLOHUIRUDJLYHQKHDWGXW\7KHHOHFWULFORVVGXHWRWKHVWHDPH[WUDFWLRQLVFRPSXWHGDVWKH
SRZHUWKDWZRXOGEHJHQHUDWHGE\WKHH[WUDFWHGVWHDPIURPWKHH[WUDFWLRQVWDWHWRWKHRXWOHWVWDWHDVVXPLQJWKDWWKH
H[SDQVLRQFXUYHGRHVQRWFKDQJH7KH LQWHJUDWLRQRI WKHH[LWLQJFRQGHQVDWHZLWK WKHSRZHUEORFN VXFKDV LQ WKH
GHDHUDWRURULQWKHSUHKHDWLQJOLQHLVQRWFRQVLGHUHGQRZ7KHFRQGHQVDWHLVLQVWHDGGLUHFWHGWRWKHFRQGHQVHU7KH
FKDUDFWHULVWLFRIWKHVWHDPWXUELQHDUHWKHVDPHDVWKHVWHDPWXUELQHRIWKH(%7)FLWHGEHIRUH7KHUDWLRRIWKHHOHFWULF
SRZHUORVVGXHWRWKHVWUHDPH[WUDFWLRQIURPWKHWXUELQHDQGWKHKHDWGXW\DVDIXQFWLRQRIWKHUHJHQHUDWLRQWHPSHUDWXUH
LVGHSLFWHGLQ)LJ$WDWHPSHUDWXUHDVORZDV&DKHDWGXW\RI0:WKFRUUHVSRQGVWRDSRZHUORVVRI
0:H7KLVORVVJURZVUDSLGO\WRDW&DW&DQG0:HDW&


)LJ/HIWH[SDQVLRQFXUYHLQWKHHQWKDOS\HQWURS\GLDJUDPRIWKHORZSUHVVXUHWXUELQHIURPZKLFKWKHVWHDPLVH[WUDFWHG5LJKWUDWLRRIHOHFWULFDO
ORVVWRKHDWGXW\DVDIXQFWLRQRIUHJHQHUDWLRQWHPSHUDWXUHDERYH&WKHFXUYHLVH[WUDSRODWHGEHFDXVHWKHFRPSXWHGSUHVVXUHLVKLJKHUWKDQ
WKHLQOHWSUHVVXUH7KHGLDPRQGVKRZVDQH[DPSOHRIDUHJHQHUDWLRQWHPSHUDWXUHDW&
3.3. Capture block 
,QWKLVZRUNWKHVLPXODWLRQVZLWKWKHHTXLOLEULXPEDVHGDSSURDFKRIWKHFDSWXUHSODQWDUHFDUULHGFRQVLGHULQJQRW
RQO\WKHHQHUJ\SHUIRUPDQFHVEXWDOVRWKHZDWHUDQGDPPRQLDEDODQFH7ZROD\RXWVDUHSURSRVHGDILUVWRQHWKDW
RSHUDWHVZLWKWKHDEVRUSWLRQVWDJHLQFKLOOHGPRGHDVRULJLQDOO\SURSRVHGE\$OVWRPIRU&$3DQGDVHFRQGRQHWKDW
RSHUDWHVZLWKWKHDEVRUSWLRQVWDJHLQDFRROHGPRGHLQZKLFKWKHWHPSHUDWXUHLVKLJKHUWKDQWKHILUVWOD\RXWDVSURSRVHG
E\%RQDOXPLHWDO>@
7KHChilled OD\RXWVKRZHGLQ)LJ LVHTXLSSHGZLWKDFKLOOLQJSODQW WKDWGHFUHDVH WKH WHPSHUDWXUHRI WKHDOO
WUHDWHGVWUHDPVVHQWWRWKHDEVRUEHUDW&7KHPD[LPXPWHPSHUDWXUHUHDFKHGLQVLGHWKHDEVRUEHULVDURXQG&
GHVSLWH WKHH[RWKHUPLFUHDFWLRQRIDEVRUSWLRQ7KLV WHPSHUDWXUHSURPRWHV WKHVDOWSUHFLSLWDWLRQ LQDZLGHUDQJHRI
FRQFHQWUDWLRQVRIUHDFWDQWV7KLVFRQILJXUDWLRQLVDQXSJUDGHRIWKHLayout 2SURSRVHGLQ>@7KHPDLQGLIIHUHQFHV
DUHLWKHFRQGHQVHURQWKHWRSRIWKHUHJHQHUDWRUWRUHGXFHWKHDPPRQLDFRQFHQWUDWLRQRIWKH&2VWUHDPZKLFK
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)LJ&KLOOHGOD\RXWVFKHPHRISODQWZLWKVWDJHVIRUWKHGHFUHDVLQJRIWKHDEVRUSWLRQWHPSHUDWXUHREWDLQHGZLWKDFKLOOLQJSODQW
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OHDYHVWKHUHJHQHUDWRULLWKHRXWOHWVWUHDPH[LWLQJIURPWKHVWULSSHU67WKDWLVVHQWLQWKHDEVRUEHULQVWHDGRILQWKH
UHJHQHUDWRU5*WKLVVKUHZGQHVVDOORZVWKHVWULSSLQJRI1+DWQHDUDPELHQWSUHVVXUH

7KHCooledOD\RXWVKRZQLQ)LJLVHTXLSSHGZLWKDLUFRROHUVWRGHFUHDVHWKHWHPSHUDWXUHWR&RIWKHWUHDWHG
VWUHDPGLVSDWFKHGWRWKHDEVRUEHU,QWKLVFDVHWKHPD[LPXPWHPSHUDWXUHUHDFKHGLQWKHDEVRUEHULVDURXQG&7KLV
WHPSHUDWXUHSUHYHQWVWKHVDOWVSUHFLSLWDWLRQIRUDZLGHUDQJHRIFRQFHQWUDWLRQVRIWKHUHDFWDQWV7KLVOD\RXWLVDUUDQJHG
PRGLI\LQJWKHChilledRQH7KHPDLQGLIIHUHQFHVDUHLWKHVXEVWLWXWLRQRIWKHFKLOOHUVZLWKDLUFRROHUVH[FHSWIRUWKH
&+DOORZVWRUHGXFHWKHHOHFWULFFRQVXPSWLRQDQGWRLQFUHDVHWKHWHPSHUDWXUHLQWKHDEVRUEHULLWKHK\GURF\FORQH
+&LVQRWQHFHVVDU\DQGLLLDVSOLWIUDFWLRQRIWKHULFKVROXWLRQH[LWLQJWKHDEVRUEHULVUHF\FOHGWRWKHDPPRQLD
ZDWHUZDVKFLUFXLWSDVVLQJWKUX&+WRPLQLPL]HWKHSXUJHVDQGWKHPDNHXS


)LJCooledOD\RXWVFKHPHRISODQWLQZLWKVWDJHVIRUWKHGHFUHDVLQJRIWKHDEVRUSWLRQWHPSHUDWXUHREWDLQHGZLWKDLUFRROHUV
3.4. Design parameters 
7KHGHVLJQSDUDPHWHUVDUHLDPPRQLDLQLWLDOFRQFHQWUDWLRQLQWKHDTXHRXVVROXWLRQLLDPPRQLDWRFDUERQ
GLR[LGHUDWLRLQWKHDEVRUEHULLLUHJHQHUDWLRQSUHVVXUHLYKHDWGXW\WRWKHUHJHQHUDWRUYLQOHWWUD\RIOHDQ
VROXWLRQLQVLGHWKHDEVRUEHUDQGYLUHF\FOLQJIUDFWLRQRIWKHULFKVROXWLRQWRWKHWRSRIWKHDEVRUEHU7KHDPPRQLD
WRFDUERQUDWLRLQWKHDEVRUEHULVWKHUDWLRRIWKHQXPEHURIDPPRQLDPROHVHQWHULQJWKHUHDFWRUWKURXJKWKHOHDQ
VROXWLRQOLQHDQGWKHQXPEHURIFDUERQGLR[LGHPROHVHQWHULQJWKURXJKWKHH[KDXVWOLQH7KHUHF\FOLQJIUDFWLRQLVD
PDVVSHUFHQWDJHRIWKHVWUHDPH[LWLQJIURPWKHERWWRPRIDEVRUEHU7KHFRQVWUDLQWVRQWKHSODQWDUHLFDUERQ
FDSWXUHHIILFLHQF\VHWDWLLWKHDPPRQLDVOLSLQWKHH[LWLQJJDVIURPWKHZDWHUZDVKFROXPQ:7EHORZ
SSPDQGLLLWKHDPPRQLDVOLSLQWKHFRPSUHVVHGFDUERQGLR[LGHEHORZSSP7KHFKRVHQYDOXHVDUHLQ7DEOH
&DUERQFDSWXUHHIILFLHQF\LVGHILQHGDVWKHUDWLRRIWKHIORZUDWHV>NPROVRUNJV@RIWKHFDUERQGLR[LGHH[LWLQJ
WKHFRPSUHVVLRQLVODQGDQGRIWKDWHQWHULQJWKHFDSWXUHSODQW
3.5. Performance indexes 
&RPPRQO\WKHVSHFLILFKHDWGXW\ݍ஼ைଶ>0-WKNJ&2@GHILQHGDVWKHUDWLRRIWKHUHERLOHUVKHDWGXW\>0:WK@DQGWKH
PDVVIORZUDWH>NJV@RIHIIHFWLYHO\FDSWXUHGFDUERQGLR[LGHLVXWLOL]HGDVSHUIRUPDQFHLQGH[+RZHYHUVXFKLQGH[
GRHVQRWLQFOXGHWKHLQIRUPDWLRQRQWKHFDSWXUHHIILFLHQF\QRURQWKHWHPSHUDWXUHDWZKLFKWKHKHDWGXW\LVUHTXLUHG
RULQHTXLYDOHQWWHUPVWKHORVVRIHOHFWULFDOSRZHUIURPWKHVWHDPWXUELQH7KHUHIRUHKHUHDQRWKHULQGH[LVDGRSWHG
LQWURGXFHGE\&DPSDQDULHWDO>@WKDWVROYHVWKHLVVXHVZKLOHVKDULQJWKHVDPHXQLWV,WDOORZVVRWRFRPSDUHSODQWV
FKDUDFWHUL]HG E\ GLIIHUHQW FDSWXUH HIILFLHQFLHV UHJHQHUDWLRQ WHPSHUDWXUHV DQG HOHFWULF HIILFLHQF\ SHQDOWLHV 7KH
6SHFLILF3ULPDU\(QHUJ\&RQVXPSWLRQIRU&DUERQ$YRLGHGSPECCA>0-WKNJ&2@LVGHILQHGDV
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ZKHUHDOOSDUDPHWHUVUHIHUWRHLWKHUWKHSRZHUSODQWHTXLSSHGZLWKWKHFDUERQFDSWXUHRUWKHUHIHUHQFHSRZHUSODQW
ZLWKRXWLWHLVWKHKHDWUDWH>0-WK0:KH@EWKHVSHFLILF&2HPLVVLRQ>NJ&20:KH@Ș>QRQGLPHQVLRQDO@WKHQHW
HOHFWULFDOHIILFLHQF\DQGREFVWD\VIRUUHIHUHQFH7KHUHIHUHQFHYDOXHVKHUHDGRSWHGDUHLQFOXGHGLQ7DEOH0RUHRYHU
DVDQLQGLFDWLRQWKHSPECCARIDFRQYHQWLRQDO0($SODQWFDOFXODWHGE\(%7)>@H[FHHGV0-NJ&27KHODVW
LQGH[LVWKHQHWHOHFWULFHIILFLHQF\RIWKHSRZHUSODQWZLWKWKHSRVWFRPEXVWLRQFDSWXUHSODQW
7DEOH*HQHUDOSDUDPHWHUVDGRSWHGIRUVLPXODWLRQV
3DUDPHWHU 8QLW 9DOXH 3DUDPHWHU 8QLW 9DOXH
Air coolers   Heat exchangers  
)OXLGHQGWHPSHUDWXUH &  0LQLPXPWHPSHUDWXUHGLIIHUHQFH & 
5HODWLYHSUHVVXUHGURS   Low pressure steam turbine  
6SHFLILFHOHFWULFFRQVXPSWLRQ 0:H0:WK  ,QOHWSUHVVXUH EDU 
Ambient air   ,QOHWWHPSHUDWXUH & 
7HPSHUDWXUH &  2XWOHWSUHVVXUH EDU 
Chilling plant   2XWOHWYDSRUWLWOH  
&RHIILFLHQWRISHUIRUPDQFH 0:WK0:H  2XWOHWYHORFLW\ PV 
6SHFLILFHOHFWULFFRQVXPSWLRQ 0:H0:WK  *HQHUDWRUHIILFLHQF\  
&ROXPQV   ,VHQWURSLFHIILFLHQF\  
Contact cooler pressure drop EDU  Motors  
Other column pressure drop EDU  Electro-mechanical efficiency  
&RPSUHVVRUV   3XPSV  
,VHQWURSLFHIILFLHQF\   Hydraulic efficiency  
Last compressor end pressure EDU  5HERLOHU  
)DQV   Steam superheated temperature & 
)RUFHGIDQHQGSUHVVXUH EDU  6WHDPVXEFRROHGWHPSHUDWXUH & 
Induced fan end pressure EDU  5HIHUHQFHSRZHUSODQW   
,VHQWURSLFHIILFLHQF\   Net electric power 0:H 
([KDXVWV   1HWHOHFWULFDOHIILFLHQF\Șel,REF  
0DVVIORZUDWH NJV  6SHFLILF&2HPLVVLRQEREF NJ&20:KH 
Pressure EDU  3LSHOLQH  
7HPSHUDWXUH &  Delivery pressure EDU 
&RPSRVLWLRQ YROZHW  7DUJHWV  
&2   Max ammonia slip SSPY 
,QHUW$U12   7UHDWHGJDV SSPY 
+2   &RPSUHVVHGFDUERQGLR[LGH SSPY 
5HVXOWVDQGGLVFXVVLRQ
7KHUHVXOWVRIWKHVLPXODWLRQVRIWKHFDSWXUHSODQWOD\RXWVKHUHLQYHVWLJDWHGDUHLQWHJUDWHGZLWKWKHPRGHORIWKH
SRZHUSODQWLQRUGHUWRDVVHVVWKHSHUIRUPDQFHRIWKHZKROHV\VWHP
4.1. Chilled layout results 
7KHQHZVFKHPHRISODQWDQGWKHQHZO\FDOLEUDWHGWKHUPRG\QDPLFPRGHODOORZWRREWDLQDYHU\ORZYDOXHIRUWKH
VSHFLILFKHDWGXW\DQGDYHU\DWWUDFWLYHYDOXHRISPECCA7KHRSHUDWLQJFRQGLWLRQVDUHUHSRUWHGLQ7DEOH7KH&2
ORDGLQJHQWHULQJWKHDEVRUEHUDQGWKHUHJHQHUDWRUDUHUHVSHFWLYHO\DERXWDQGPRO&2PRO1+)RUWKLVOD\RXW
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GHSLFWHGLQ)LJWKHPDLQHOHFWULFDOFRQVXPSWLRQVLVWKHRQHUHODWHGWRWKHLVODQGABS-RGN-GW (2)DERXW
0:HEHFDXVHWKHSUHVHQFHRIWKHFKLOOLQJSODQDQGWKHPower blockLVODQG0:HDVVKRZQLQ7DEOH
4.2. Parametric investigation for the Cooled layout 
7KHLQIOXHQFHRIDOOVL[GHVLJQSDUDPHWHUVLVZHOOGHILQHGVRPHRIWKHUHVXOWVREWDLQHGFRPELQLQJWKHSDUDPHWHUV
DUHVKRZQLQ)LJ7KHGHFUHDVHRIWKHUHJHQHUDWLRQSUHVVXUHDOORZVORZHUYDOXHVRISPECCA7KHGHFUHDVHRI1+
FRQFHQWUDWLRQLQWKHLQLWLDOVROXWLRQKDVUHPDUNDEOHEHQHILWVRYHUWKHSPECCA7KHDPPRQLDWRFDUERQGLR[LGHUDWLR
KDVDQRSWLPXPYDOXHIURPWKHSPECCASHUVSHFWLYHDVZHOOWKHUHF\FOHIUDFWLRQRIWKHULFKVWUHDPWRWKHWRSSDUWRI
WKHDEVRUEHU,QSDUWLFXODUWKHLQOHWWUD\DERYHWKHPLGGOHRQHSOD\VDOLPLWHGUROHKRZHYHUWKHEHVWWUD\LQGLYLGXDWHG
LVWKHQXPEHURQDQRYHUDOORILGHDOWUD\VDVVKRZQDWWKHORZHUSDUWRQWKHULJKWRI)LJ7KHFRPELQDWLRQRI
WKHSDUDPHWHUVWKDWDOORZWKHPLQLPXPYDOXHRISPECCA,DPRQJWKHLQYHVWLJDWHGLVLQ7DEOH7KH&2ORDGLQJ
HQWHULQJWKHDEVRUEHUDQGWKHUHJHQHUDWRUDUHUHVSHFWLYHO\DQGPRO&2PRO1+
 


)LJ,QIOXHQFHRIWKHGHVLJQSDUDPHWHUVRQWKHSHUIRUPDQFHLQGH[
4.3. Detailed integration of the capture plant with the power plant  
7KHHOHFWULFFRQVXPSWLRQIRUWKHFDSWXUHSODQWVDUHUHSRUWHGLQ7DEOH7KHExhaust coolingDQGWKHABS-RGN-GW
VHFWLRQVDUHPRUHSHQDOL]LQJIRUWKHChilledOD\RXWGXHWRWKHPDMRUFRQVXPSWLRQRIWKHFKLOOHUV7KHPower blockLV
PRUHSHQDOL]LQJIRUWKHCooledOD\RXWDODUJHFRQWULEXWLRQLVGXHWRWKHKLJKHUDPRXQWRI1+WKDWPXVWEHUHFRYHUHG
E\WKHZDWHUZDVKVHFWLRQZKLOHDQRWKHUFRQWULEXWLRQLVGXHWRWKHKLJKHUVSHFLILFKHDWGXW\DQGWKHKLJKHUUHJHQHUDWLRQ
WHPSHUDWXUH WKDW UHTXLUH PRUH VWHDP H[WUDFWLRQ DW KLJKHU YDOXH RI HQWKDOS\ IURP WKH WXUELQH )XUWKHUPRUH WKH
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CompressionVWDJHLVPRUHSHQDOL]LQJIRUWKHCooledOD\RXWVLQFHWKHUHJHQHUDWLRQSUHVVXUHLVORZHUWKDQLQWKHChilled
OD\RXW7KHUHVXOWVRIWKHSRZHUFRQVXPSWLRQVRIWKHFDSWXUHSODQWLQWHJUDWHGZLWKWKHSRZHUSODQWDUHVXPPDUL]HGLQ
7DEOH
7DEOH6HOHFWHGSDUDPHWHUVIRU&KLOOHGDQG&RROHGOD\RXWREWDLQHGE\PHDQVWKHSDUDPHWULFDQDO\VLV
3DUDPHWHU 8QLW ChilledOD\RXW CooledOD\RXW
$PPRQLDLQLWLDOFRQFHQWUDWLRQ ZW  
$PPRQLDWRFDUERQGLR[LGHUDWLR NPRONPRO  
5HF\FOH   
7UD\ 1  
5HJHQHUDWLRQSUHVVXUH EDU  
5HJHQHUDWLRQWHPSHUDWXUH &  
7DEOH(OHFWULFFRQVXPSWLRQIRUWKH&KLOOHGOD\RXWDQGIRUWKHCooledOD\RXW
(OHFWULFSRZHU0:HO Chilled Cooled (OHFWULFSRZHU0:HO Chilled Cooled 
Exhaust cooling (1)       
$&    &+  
$&    )1  
&+    30  
&+    30  
)1    30  
30    30  
30    6XEWRWDO 64,380 17,219
30    3RZHUEORFN  
6XEWRWDO 13,148 7,394  5%  
ABS-RGN-GW (2)    5%  
$&    6XEWRWDO 47,009 72,528 
$&    CO2 Compression (3)  
$&    $&  
$&    $&  
$&    &0  
&+      &0  
&+    30  
&+    6XEWRWDO 15,575 32.181 
    727$//266  
&RQFOXVLRQV
7KHZRUNSURSRVHVDQHTXLOLEULXPEDVHGVWXG\RIWKHDPPRQLDEDVHGSRVWFRPEXVWLRQFDUERQFDSWXUHZLWKWKH
QHZO\FDOLEUDWHG([WHQGHG81,48$&LPSOHPHQWHGLQ$VSHQ3OXV7ZRVFKHPHVRISODQWDEOHWRFDSWXUHRI
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&2DUHSURSRVHG2QHRSHUDWHVDWFKLOOHGFRQGLWLRQDQGWKHGHVLJQSDUDPHWHUVDUHWKHRQHVSUHYLRXVO\SUHVHQWHGE\
WKHDXWKRUV7KHRWKHURQHRSHUDWHVDWFRROHGFRQGLWLRQVDQGDSDUDPHWULFDQDO\VLVKDVSHUPLWWHGWRGHWHUPLQHDVHWRI
RSHUDWLYHSDUDPHWHUVDWZKLFKFRUUHVSRQGVDPLQLPXPYDOXHRISPECCAIRUWKLVOD\RXW7KHVWXG\LQGLFDWHVWKDW
x WKHDPPRQLDEDVHGWHFKQRORJ\FRQILUPVWREHPRUHDWWUDFWLYHWKDQWKH0($EDVHGWHFKQRORJ\
x WKHDPPRQLDEDVHGWHFKQRORJ\UHTXLUHRQHRIWKHORZHVWYDOXHRIVSHFLILFKHDWGXW\0-NJ&2
x WKHChilled OD\RXW KHUH SURSRVHG UHTXLUH D ORZHU VSHFLILF KHDW GXW\ FRPSDUHG WR WKHCooled RQH 
0-NJ&2LQVWHDGRIDOPRVW0-NJ&2
x WKHPHULW LQGH[SPECCA IRU WKH LQWHJUDWHGFDSWXUHSODQWZLWK WKHSRZHUSODQWUHYHDOV WKDW WKHCooled
OD\RXWLVWKHPRUHDWWUDFWLYHFRQILJXUDWLRQLQSDUWLFXODUWKLVRQHSUHVHQWDYDOXHRIDERXW0-NJ&2
ZLWKUHVSHFWWRWKH0-NJ&2RIWKHChilledRQH
x WKHCooled OD\RXWFRPELQHVWKHDGYDQWDJHRIDPRGHUDWHHQHUJ\UHTXLUHPHQWZLWKWKHDEVHQFHRIWKHVROLG
IRUPDWLRQ

7DEOH3HUIRUPDQFHVRIWKHFRPSDUHGFDSWXUHSODQWV
3DUDPHWHU 8QLW 5HIHUHQFH 0($ Chilled ZLWKVDOWV CooledZLWKRXWVDOWV
(OHFWULFSRZHUORVV 0:H 1$   
1HWHOHFWULFDOSRZHU 0:H    
1HWHOHFWULFDOHIILFLHQF\ȘHO     
+HDW'XW\VSHFLILF 0-NJ&2 1$   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6SHFLILF&2HPLVVLRQܧ NJ&20:KH    
SPECCA 0-NJ&2 1$   
5HIHUHQFHV
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